Climate change is expected to lead to more vigorous environmental changes, including soil erosion. As a reliable tool for predicting the impact of changes in climate and land use, the InVEST sediment delivery ratio model, integrated with the EBU-POM (Eta Belgrade University-Princeton Ocean Model) regional climate model, was used with the aim of quantifying erosion intensity in the Vranjska Valley region by the end of the twenty-first century. The effect of climate change on spatial and temporal patterns in the Vranjska Valley will lead to a 41.84% reduction in average soil loss by the end of the century when compared to the baseline period. The main reason for this decrease in the soil erosion rate in the second half of the century is a 17.19% fall in the total amount of precipitation, the impact of which will inevitably lead to changes in natural and artificial ecosystems. Furthermore, the results of this study highlight the advantages of an integrated approach, combining the effects of climate change and types of land use, for a better and more realistic estimate of future changes in soil erosion.
Introduction
According to the Intergovernmental Panel on Climate Change report (IPCC 2014) , the period from 1983 to 2012 was probably the warmest 30-year period in the last 1400 years in the northern hemisphere. In terms of the current debate on climate change and its effect on different sectors of society, the majority of the world's scientists have accepted the fact that anthropogenic activities, above all else, the combustion of fossil fuels and land use,
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have affected climate change. The climate is changing and will continue to do so as a result of increased concentrations of gasses in the atmosphere resulting in the greenhouse effect. However, the speed of the process and the consequences of these changes during the twenty-first century are extremely uncertain, particularly in the regional sense, even though they will probably be serious (Kadovic 2014) .
According to the results of the Prediction of Regional scenarios and Uncertainties for Defining EuropeaN Climate change risks and Effects (PRUDENCE PESETA) project, an increase in mean annual precipitation is expected towards the north and a decrease towards the south of Europe. In the majority of European countries, winters will see an increase, most marked towards the north, while less precipitation is expected during the summers, with major droughts in southern parts of Europe. The Balkan region is mainly characterised by a decrease in mean annual precipitation, ranging from − 20 to − 40%, which is more marked in south-eastern areas (Ciscar et al. 2009 ).
Land use and climate change have been identified as two of the most important drivers of changes in ecosystems and their changes impact on a reduction in biodiversity through a wide range of mechanisms (Oliver and Morecroft 2014) . Namely, future climate change will effect plant species composition, particularly those species which are sensitive to changes in temperature and moisture and with limited migration capabilities (Bakkenes et al. 2006) , and expectations are that many plant species will not be able to adapt to fast-moving climate change. Changes in land use in different parts of Europe over the last 50 years have shown that the de-intensification of land use in marginal agricultural areas has led to a large decrease in sediment production and transport. For instance, over the last 40-50 years in the hilly and mountainous regions of Serbia, depopulation and the de-intensification of land use have been particularly characteristic features. These processes often involve the regeneration of the natural land cover, or conversion from low protection vegetation types (e.g. arable land) to those with a higher protective function (e.g. grassland or forest).
Bearing in mind the fact that climate and land use are expected to change in the future as a result of human activities (IPCC 2007) , estimating the effects of these changes on soil erosion and the production and transport of sediment is of great importance. Climate change can directly and indirectly impact on soil erosion and there are multiple causes. Namely, temperatures and the precipitation regime will have an effect on the production of biomass, the loss of organic matter, the infiltration rate, soil moisture, land use and crop management, and with it, on runoff and soil erosion, too (Pavlovic et al. 2017) . With the awareness that climate change can potentially have a great impact on soil erosion, modelling future rates of erosion is a vital step in tackling ecological problems in the future (Mullan et al. 2012 ). As such, erosion models are becoming ever more important instruments for creating erosion prognosis maps as a common method for determining courses of action for soil conservation. Several studies have been undertaken with the aim of analysing the impact of the effects of future climate change on soil erosion (Routschek et al. 2014; Serpa et al. 2015) . Such studies mainly reveal a nonlinear spatial and temporal relationship between the intensity of soil erosion and climate change (Jones et al. 2009 ), with erosion increasing relatively significantly during wet years compared with dry years, while spatially, it increases sporadically. It has been projected that increases in precipitation levels and intensity will lead to heightened erosion, while increases in ground and canopy cover will result in an erosion decrease (IPCC 2007) .
Climate change projections for the end of this century for Serbia predict a decrease in annual precipitation which will be more pronounced in the southern parts of Serbia (Krzic et al. 2011) . For regions located in the southernmost parts of Serbia, such as the Vranjska Valley, results from the ensembles of different regional climate models also aggress in terms of signs of future change. Hence, for this region, this decrease can at least be considered robust, while there is not such a strong agreement between the different climate models for the central and northern parts of the country. This agreement renders this area interesting for investigation since that potential uncertainty is narrowed at least in terms of signs of change. In addition, in the 1950s, the Vranjska Valley was one of the most threatened regions of Europe in terms of soil erosion (Kostadinov et al. 2018) .
In this context, the aims of this paper are the following: (a) to test an integrated approach of the spatially distributed InVEST sediment delivery ratio model combined with the EBU-POM (Eta Belgrade University-Princeton Ocean Model) regional climate model based on the A1B scenario in correctly predicting the variability of soil loss, (b) to quantify the current rate of erosion intensity in the Vranjska Valley (southern Serbia) and (c) to simulate the risk of soil erosion in 2050 and 2100 due to the effects of changes in climate and land use in the study area.
Materials and methods

Study area
The Vranjska Valley is situated in the south of Serbia (Fig. 1) and is an extensive, tectonically predisposed expanse in the southern part of the Južna Morava river basin. It covers an area of 1314.12 km 2 between 42°19′ 59.435″ N-42°45′ 50.209″ N and 21°42′ 30.444″ E-22°19′ 58.965″ E, and in terms of administration falls under the jurisdiction of the municipalities of Vladičin Han, Surdulica, Vranje and Bujanovac. The Vranjska Valley lies at an altitude of 323-1923 m a.s.l., with an average altitude of 789.51 m, and is located where continental and Mediterranean climates meet, which tempers the continental nature of the climate in this region. As altitude increases in the study area, there is a decrease in the mean annual air temperature, which ranges from 11 to 7°C, while precipitation levels increase, ranging from 680 m to 850 mm (Lukic 2013) . Socio-economically, the valley is underdeveloped, while demographically, it is marked by depopulation. The educational profile of its inhabitants is relatively favourable only in the regional and municipal centres. Relief, climate, geological composition and vegetation, as well as anthropogenic activity, have resulted in the formation of different soil types in the study area with the most common being Dystric and Eutric Cambisols, Vertisols, Luvisols and Fluvisols (Braunovic 2013; Perovic 2015) .
The InVEST sediment delivery ratio model
The Natural Capital Project has developed a programme which deals with ecosystem management through a tool called Integrated Valuation of Ecosystem Services and Trade-offs (InVEST). The InVEST sediment delivery ratio (InVEST SDR) model, as one part of the project, is free, open source software and as it is relatively new, and its development will continue over the coming years. InVEST is a computer modelling tool which uses biophysical and economic information about the ecosystem, aimed at conserving and protecting natural resources (Tallis and Polasky 2009) , and it has been used in various studies aimed at assessing erosion processes (Grafius et al. 2016) . The InVEST SDR model assesses erosion processes, using a method based on the Universal Soil Loss Equation (USLE), (Wischmeier and Smith 1978) . The model is completely spatially explicit, i.e. it has a rasterbased structure which enables parts of the ecosystem to be divided into small spatial units, or raster cells (detailed process and sources are provided in the Supplementary Materials; Supplement 2).
The biophysical part of the model is spatially explicit and equal to the resolution of the DEM, which is 30 m for the Vranjska Valley region. First, the model computes the annual soil loss for each pixel, while calculating the SDR (sediment delivery ratio) is done in two steps. The SDR reflects landscape connectivity, i.e. the links between runoff, sediment sources, and sinks, through the hydrological modelling of each pixel (Lüke and Hack 2018) . Individual pixels are connected hydrologically on the basis of the characteristics of the upslope area (the C factor and slope), (Oleson et al. 2017 ). The first step involves calculating the connectivity index, from which the sediment delivery ratio is derived for each pixel as the second step. The basic required data sets are DEM, rainfall erosivity factor (R), soil erodibility (K) and crop management factor (C).
Data collection and analysis
Fifty-four samples of disturbed soil were taken for the purposes of determining the erodibility factor of the soil (K factor), (Fig. 1) . At each location, a soil sample was taken from a depth of 0-30 cm. Positioning of the sample was carried out with the aid of GPS.
For all soil samples, the granulometric composition of the soil was determined using the combined pipette and sieve technique, after analysis with Na pyrophosphate, as was the humus content (%), calculated from organic C (CNS Analyser). Soil total C and N were measured with an elemental CNS analyser, Vario model EL III (ELEMENTAR Analysensysteme GmbH, Hanau, Germany). In order to calculate the R factor, climate data was used from 15 meteorological stations located in the study area or its immediate vicinity (Fig. 1) . Interpolation of data when calculating the R factor was carried out using cokriging in the ArcGIS software environment (ESRI, Environmental Systems Research Institute). This method is based on the recalculation of weight coefficients and the mean value of the data, where the weight coefficients assigned to the control samples minimise the error variance associated with the estimate. Cokriging includes two variables, a primary and a secondary (describing the behaviour of the primary). In the production of the climate maps, the primary variable was climate data in point form, while altitude was used as the secondary variable, generated from a digital elevation model (DEM).
EBU-POM regional climate model
Modelled precipitation is obtained by the dynamical downscaling of the results of the ECHAM5 global climate model, which provides the initial fields and boundary conditions for a regional climate model. The regional model that is used is EBU-POM (Eta Belgrade University, Princeton Ocean Model), a coupled atmosphere-ocean regional climate model, with the Eta model as an atmospheric component and the POM (Princeton Ocean Model) as an oceanic component (Djurdjevic and Rajkovic 2008; Djurdjevic and Rajkovic 2012) . Detailed information on the validity of the model's results in Serbia and the wider region through integrating past periods for which observations were available can be found in Krzic et al. (2011) and Dell'Aquila et al. (2016) . Compared to the results from other climate models for Serbia, the results of the EBU-POM model are within the multi-model ensemble range (MEP 2017) . Integration covers the period between 1951 and 2100. For the period 1951-2000, observed concentrations of greenhouse gasses is used, following 20C3M protocol, and period after 2000 is presented through the A1B scenario (Nakicenovic and Swart 2000) . Time series of the annual accumulated precipitation were extracted from the model for selected locations in the study area using bilinear interpolation. Based on the results of the simulation for the projected distribution of precipitation within the EBU-POM regional climate model, changes in R and C factor values were calculated and the values obtained were used as input data in the InVest SDR model for projecting future changes in erosion intensity in the Vranjska Valley region.
Current and future land use
Current land use
The majority of the Vranjska Valley region is covered by forests (coniferous and broad-leaved), which are found across 60.43% of the total area, with only 3.07% of this being degraded forests. Meadows and pasture, as well as arable land, account for 34.27% of the area. The largest areas of meadow are found at an altitude of up to 500 m a.s.l., mainly on northern exposures and gentle slopes (Fig. S1 in Supplementary Material; Supplement 1). Arable land is mainly found in the valley of the Južna Morava and the lower reaches of its larger tributaries. There are smaller areas at higher altitudes and on steeper slopes around homesteads. Following negative population migration, there is the development of spontaneous vegetation and the formation of meadows and pasture on abandoned arable land. Orchards and vineyards account for 1.49% of the total area and are situated on slopes at altitudes of up to 1000 m a.s.l., mainly on southern and south-western exposures and gradients of 4.3 to 41.2% (Braunovic 2013; Perovic 2015) .
The most significant changes in land use between 1963 and 2010 occurred in the categories of forest (an increase of 27% in terms of area), meadow and pasture (an increase of 14%), and arable land (a reduction of 11.5%), mainly in the higher regions of the study area. Barren land (with sporadic if any vegetation), which covered 22% of the area in 1963, was not found in 2010. These changes are the result of the implementation of erosion control measures in the channels and basins of the torrential streams affected by excessive erosion processes and administrative measures. Another factor is the migratory movements of the population from mountainous parts of the region towards urban centres, meaning that a large proportion of agricultural areas have been abandoned and populated over time by spontaneous vegetation (Braunovic 2013) .
Future land use
Climate change may bring about major changes in Potential Natural Vegetation (PNV) across the whole of Europe as simulations up to 2085 (Hickler et al. 2012 ) have revealed significant shifts in the succession of vegetation types in most parts of Europe. Namely, in southern Europe, particularly in the Mediterranean region, substantial shifts are predicted from forest belts to shrubland vegetation as a result of increased periods of drought. Hence, climate change has already sparked changes in the distribution of plant species in many parts of the world, and this influence is only expected to become more marked in the future. Therefore, many studies have been undertaken aimed at gaining a better understanding of the regional aspect of vulnerable species. For instance, Thuiller (2004) predicted a change in the distribution of as many as 1350 plant species by the end of the twenty-first century, concluding that as many as half of the examined European plant species could be seriously endangered by 2080, with the biggest changes being expected in the transition between the Mediterranean and Euro-Siberian regions. In this sense, it is believed that changes in land use up to 2050 will be negligible due to the adaption potential of species, phenotypic plasticity and nonlinear shifts (Oliver and Morecroft 2014; Schirpke et al. 2017) . Accordingly, for our study area, C factor values for 2015 and 2050 are identical, determined in accordance with European values (Panagos et al. 2015a ). The land use of the study area was classified into eight categories and was then reclassified based on estimated C factor values for the generation of a C factor map. On the other hand, C factor values for 2100 were adjusted in the light of probable changes to forest and agricultural land, which are expected by that time. In this study, we used the Köppen classification (Köppen 1936) to enable us to assess possible changes in the distribution of vegetation through their vertical segmentation and in this way, determined C factor changes for 2100. The Köppen classification is often used as a method for estimating the impact of climate change on ecosystems, as well as describing the distribution of vegetation based on climate thresholds (Bailey 2009 ). Precipitation-temperature relationships can be used not only to study future climate projections, but also to arrive at baseline estimates of possible effects on vegetation and ecosystems. As such, climate types are closely linked to the qualitative characteristics of regional vegetation. In research by Mihailovic et al. (2015) , climate change was analysed by altitude zone across the whole of Serbia, based on the Köppen classification, under the SRES A1B and A2 climate change scenarios, for the periods 2001-2030 and 2071-2100, applying the EBU-POM regional climate model. Each climate type is linked to a certain vegetation composition and hence, the redistribution of climate types has also led to changes in vegetation in the Vranjska Valley. In this sense, in the wider region of the Vranjska Valley, between 2071 and 2100, the Cfwax′′ climate zone will shift 685 m in altitude and expand into large areas of the Cfwbx′′ zone, which will in turn shift by 800 m. At the same time, the Dfwbx′′ climate zone will shift 100 m compared to the current situation.
Results and discussion
Changes in the rainfall erosivity factor
Based on the results of the simulation for the projected distribution of precipitation under the A1B scenario within the EBU-POM regional climate model, the values of the rainfall erosivity factor (R) were calculated for 2015, 2050 and 2100. A comparative analysis of the R factor is shown in Fig. 2 . R factor values are highest in the eastern part of the Vranjska Valley, where higher altitudes dominate, and decrease gradually towards the south and west. In 2015, the R factor had an average value of 632.3 MJ mm ha −1 h −1 year −1 and it will gradually decrease in 2050 (an average of 592.3 MJ mm ha
) and 2100 (an average of 523.6 MJ mm ha
); (Fig. 2) .
The R factor values for 2015 from our study are within the range of values for other countries in the region-Bulgaria, Romania, Greece, Italy and Slovakia (Panagos et al. 2015b) , as well as for the Sicilian region, where R factor values range from 510 to 744 MJ mm ha −1 h −1 year −1 (Fantappiè et al. 2015) .
The results of this study show that climate change after 2015 will reduce the R factor by an average of 6.33% in 2050 and 17.19% in 2100. The projected mean R factor value for 2050 in the European Union and Switzerland is 857 MJ mm ha −1 h −1 year −1 , exhibiting an increase of 18% compared to its current value (Panagos et al. 2017) . The most significant increase in the R factor is predicted to occur in northern Europe, the Alps, north-western France and eastern Croatia. The Nordic countries, particularly Finland and Sweden, the Baltic States, and parts of eastern Poland are expected to witness a decrease in the R factor (Panagos et al. 2017) , while trends for the Mediterranean region are mixed. TheresultsfortheRfactorfor2050and2100intheVranjska Valley region are in line with projections set out in Serbia's Second National Communication on Climate Change, which showthatnosignificantchangesintheamountofprecipitation areexpecteduptothemiddleofthetwenty-firstcentury,whilea moresignificantreductionispredictedtooccurbytheendofthe century, with these changes ranging from − 10 to − 15% in Central Serbia (Kadovic et al. 2013 ). In addition, our results are in accordance with the general trend of a reduction in precipitationinthefutureintheregion,whichappliestothemajority of Croatia (Gajic-Capka et al. 2017) and Romania (Tomozeiu et al. 2005) . In Turkey, there are also significant areas with a trend of decreasing precipitation (Tayanc et al. 2009 ).Areductioninprecipitationduetoclimatechangeisalso found in the Mediterranean (Alpert et al. 2004) , in north-west Africa (Hassanean 2004) , on the Iberian Peninsula (López-Moreno et al. 2010) , and in otherregions (Bangash et al. 2013; Mullan et al. 2012; Serpa et al. 2015) .
Changes in the crop management factor
In this study, we have analysed the vertical distribution of vegetation caused by climate change so as to observe their possible changes through C factor values. Considering the fact that general predictions suggest that there will be no major changes in land use before 2050, C factor values were the same for both 2015 and 2050 (Fig. 3) on the basis of the land use map of the Vranjska Valley.
In terms of C factor changes for 2100 in conditions of climate change in the Vranjska Valley region, it is estimated that arable land will remain in flat areas and on gentle slopes, on Vertisol and Fluvisol soils. However, it will be replaced by shrubland on the steepest slopes and the poorest soils, mainly at locations close to rivers, with the C factor being from 0.01 to 0.05 on steeper slopes and at higher altitudes, and 0.2 in extreme conditions. Existing areas of forest will be replaced by relatively young forest cultures, where the soils will be less protected and where the C factor varies up to 0.01 (depending on age and density). C factor values of other forms of land use, such as orchards and vineyards, are between 0.1 and 0.25 (Fig. 3) .
The predicted changes to land use in Vranjska Valley caused by climate change are in line with the future scenarios of the MARS (Managing Aquatic ecosystems and water Resources under multiple Stress; www.mars-project. eu) project. The Fragmented World scenario envisages southern Europe to be suffering from an economic crisis due to a decrease in agricultural productivity caused by climate change, with 30% of forests and 30% of agricultural land transformed to shrubland (Bucak et al. 2018) . Hence, the results suggest that climate change will lead to a decrease in agricultural and forest areas in Europe, particularly in southern Europe, as well as the abandonment of agriculture in the Mediterranean region due to a decrease in productivity (Holman et al. 2017 ). This means that in the southern continental agricultural region of Europe, where Serbia is situated, the main threat is expected to come from temperature increases and drought during the summer months, which will have a negative impact on many crops (Iglesias et al. 2007 ).
Changes in soil erosion
Using the InVEST SDR model based on the A1B scenario within the framework of the EBU-POM regional climate model, maps were produced showing the current and future state of soil erosion in the Vranjska Valley region (Fig. 4) .
Average erosion intensity during 2015 was 5.33 t ha −1 year −1 , which represents a soil loss that generally falls within the range 1040 V. Perović et al. of average values for Europe (Cerdan et al. 2010; Panagos et al. 2015c) . The observed results are in accordance with earlier research which used the Erosion Potential Method, EPM. The mean erosion coefficient was Z = 0.24, which in terms of the intensity of erosion processes places the Vranjska Valley in the category of weak erosion. In addition, the Z coefficients for 17 river basins within the Vranjska Valley also fall within the category of weak erosion, with Z ranging from 0.21-0.36 (Braunovic 2013) . A decrease in precipitation is linked to the infiltration capacity of the soil and in turn with reduced runoff and soil erosion (Serpa et al. 2015) . Changes of 1% in precipitation can result in soil erosion intensity changing by 1.7% (Pruski and Nearing 2002) . With this in mind, a reduction in soil erosion to 4.98 t ha −1 year −1 was reached for 2050.
Furthermore, as a consequence of changes in land use and a decrease in the R factor, it is estimated that the average erosion intensity for 2100 will fall to 3.10 t ha −1 year −1 (Fig. 4) , which means that when compared to the 2015 baseline level, average soil loss will decrease by 41.84%. The predicted averages for erosion intensity for the observed period are above the tolerable soil erosion rates for Europe (≈ 1 t ha −1 year −1 ; Verheijen et al. 2012 ) and as such can impact on soil productivity. The effects of changes in land use and the rainfall erosivity factor on changes to soil erosion in the Vranjska Valley region up to the end of the twenty-first century can be generally categorised into two types of change. The first type are changes to arable land. Climate change will result in a reduction in the annual amount of water available to arable land, primarily because of the expected fall in summer precipitation. As a result of this change, it is estimated that there will be a decrease in average erosion on this type of land. In the changed climatic conditions, thermal stress and the lack of rainfall will result in a decrease in these areas and a reduction in their fertility.
The second type of change suggests a slight increase in average soil erosion intensity in forests. According to the land use and climate change scenario, climate change will lead to major changes in the forest ecosystems of the Vranjska Valley. These changes will be reflected not only in their dislocation in terms of latitude and altitude, but also in terms of their structure, i.e. it is expected that the composition of certain plant communities will change with some species and communities disappearing and others appearing. Existing areas of forest will be replaced by young forests and shrubland, which will not protect the soil to the same extent as the previous forests. Generally speaking, the gradual reduction in soil erosion during the analysed period is mainly a result of the spatial expansion of natural vegetation (Rodriguez-Lloveras et al. 2016) , as a natural potential response to the decrease in precipitation in this part of the Balkans.
The observed results are in accordance with similar local and regional studies which foresee a general decrease in runoff and sediment production by the end of the century (Bangash et al. 2013; Routschek et al. 2014; Serpa et al. 2015; Rodriguez-Lloveras et al. 2016) , as well as predictions of increased soil erosion in northern Europe by 2080 with a probable decrease in soil loss in southern parts of Europe (Dadson et al. 2010) .
Sed_export represents the total amount of sediment exported from each pixel that reaches the stream. In the InVEST SDR model, this indicator is expressed in tons/ pixel; however, to allow for data comparability, the units were converted to tons/ha. The spatial distribution of sediment export is shown in Fig. 5 . The spatial distribution of sediment export is shown in Fig. 5 . The average value of sediment export for 2015 was 4.1 tons/ha, while this will decrease to 3.8 tons/ha in 2050. The lowest sediment export value (2.2 tons/ha) was determined for 2100 (Fig. 5) . At the pixel level, the highest values for all three of the observed years were in the eastern part of the Vranjska Valley, characterised by high precipitation and markedly sloping terrain. Generally speaking, most of the region has somewhat lower sed_export values for all three of the observed periods, which points to the fact that only a small part of the eroded soil per pixel reaches the stream, mainly because of the relatively low impact of the rainfall erosivity factor.
As can be seen from Table 1 , the highest total sediment export (sed_export) was recorded for 2015 and the lowest for 2100, which is a decrease of as much as 47.37%. The total amount of potential soil loss (usle_tot) in each watershed was calculated by the USLE equation. During 2015, the usle_tot was highest (Table 1) , decreasing in 2050, and falling to its lowest value in 2100, which means that the total amount of potential soil loss was 41.76% lower than in 2015. The differences in the change in potential erosion (usle_tot) can be put down to the function used to calculate it (R × K × LS), whereby the R factor is certainly the most significant factor. The total sediment retained (sed_retent) is the sum of the sediment retained by the pixel itself, based on a simple comparison between land use and bare soil, weighted by the SDR factor. As a result of the lower soil erosion values, there is a reduction in the sed_retent across the analysed periods. The successive decrease in the sed_retent through the analysed years (Table 1) suggests that the rainfall erosivity factor, which has an impact on all the pixels, had a greater effect than land use. López-Moreno et al. (2008) and Bangash et al. (2013) found similar trends, putting them down to the fact that climate trends are leading to more restrictive conditions for runoff due to an increase in evapotranspiration and a decrease in precipitation during certain periods of the year. Although vegetation plays the main role in retaining sediment (Ristic et al. 2012) , the changes it will go through by 2100 had less of an impact on the dynamic of sediment retention, which mainly depends on climatic conditions, and in particular rainfall intensity. In addition, a reduction in sediment retention could affect water quality (Bangash et al. 2013 ).
Changes in climatic conditions and land use result in changes in peak flow during rain events and are thus likely to affect the magnitude of gully and streambank erosion. Sediments at higher altitudes are often subject to faster flows, which increases gully and bank erosion. For this reason, in comparing the different periods, the changes in sediment retention services shown in Table 1 can be considered the lower thresholds for the total impact of climate change or changes in land use.
Conclusions
Our research has examined the relationship between the effects of climate change and changes in land use and their impact on soil erosion. In this study, the InVEST sediment delivery ratio model has been successfully applied in combination with the EBU-POM regional climate model, and has proved to be a valid tool for predicting spatial and temporal patterns of soil erosion. The results of modelling the effects of climate change on spatial and temporal patterns in the Vranjska Valley region have shown that there will be a 41.84% reduction in soil erosion by the end of the century compared to 2015. At the same time, there will be a decrease in sediment export. Therefore, it can be concluded that the main reason for this decrease in the soil erosion and sediment export in the second half of the 21 century is a 17.19% fall in the total amount of precipitation. This impact will inevitably lead to changes in agricultural and forest areas in the study 13,252,415.24 12,390,782.77 11,039,349.61 area, which leads us to the conclusion that similar changes will occur on a regional level. The effects of climate change on the example of the Vranjska Valley up until the end of the twenty-first century can be seen through changes in the crop management and rainfall erosivity factors. These suggest that two types of change will occur. The first are changes connected to a decline in erosion processes on arable land due to a reduction in the C factor as the surface area of arable soils decreases and their fertility does too due to a reduction in the R factor. The second type of change points to a rise in erosion processes in forest areas due to a slight increase in the C factor. Namely, the predicted reduction in the R factor will cause forested areas to shift gradually to higher altitudes while being replaced by younger forests and brush and shrubland, which will not protect the soil from erosion to the same extent as the previous forests.
The results obtained in this study clearly show that only an integrated approach which combines both the effects of climate change and land use change can contribute to a better and more realistic estimate of future changes to soil erosion. In addition, this type of approach will allow and facilitate policymakers to prepare general recommendations which should contain strategic documents dealing either directly or indirectly with adapting to future climate change and the environment.
Further research should allow a more precise analysis of the effects of the climate scenarios mentioned in this paper, above all from the aspect of estimating the impact of extreme climatic events in the future on the process of soil erosion. Publisher's Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
